Abstract: By applying the GARCH-DCC model, we reexamine the Phillips curve based on a time-varying correlation analysis for Canada and the United States from January 1985 to December 2012. The empirical results show that the sign of the correlation between the inflation rate and the unemployment rate is negative during recession periods but positive during boom periods.
INTRODUCTION
The Phillips curve, which characterizes the negative relationship between the inflation rate and the unemployment rate, is considered to be one of the most important stylized facts in macroeconomics. Empirical evidence of UK wage behavior was originally provided by Phillips (1958) and interpreted theoretically by Lipsey (1960) , offering policymakers the choice between inflation and unemployment. Since then, numerous empirical studies have been provided and the estimated Phillips curve has been found to be rather unstable over time and its use not justified for a long time span (see Friedman, 1968; Mankiw, 2000; Rubio et al., 2007) .
In particular, numerous studies have examined the inflation-unemployment relation for the US economy. For example, Karanassou and Sala (2010) state that the US Phillips curve is not vertical even in the longrun. Their results imply that the nominal and real sides of the economy are symbiotic. Moreover, Sachsida et al. (2011) find important long-run co-movement between inflation and unemployment in the US economy. Further, Cevik and Dibooglu (2013) find that although shocks to US unemployment dissipate in expansions, shocks to the unemployment rate seem to be persistent in recessions.
In contrast to the studies above, we investigate the dynamic correlation between inflation and unemployment by considering the autoregressive conditional heteroskedasticity (ARCH) effect. A notable addition to the body of knowledge on this topic was the recent *Address correspondence to this author at the Faculty of Economics, Kobe University, 2-1 Rokkodai, Nada-Ku, Kobe 657-8501, Japan; Tel: +81 0788036832; E-mail: hamori@econ.kobe-u.ac.jp study of Phillips curves by Russell and Chowdhury (2013) , which retrieved the standard empirical results of Phillips curves based on a GARCH (generalized autoregressive conditional heteroskedasticity) model with structural breaks. Rather than focus on the stable relationship between the inflation rate and the unemployment rate in the long-term, however, the present paper allows for time-varying correlations in this relation by considering time series properties such as serial correlations, the ARCH process, and fat tails. The presence of these properties can prevent traditional econometric methods from accurately describing the Phillips curve. Therefore, we employ the GARCH-DCC (dynamic conditional correlation) model (Rahman and Serletis, 2012; Jones and Olson, 2013) to solve the discussed problem and select Canada and the United States to be our case studies for comparison and contrasting purposes. In contrast to the study of Russell and Chowdhury (2013) , the present paper focuses on an empirical methodology by using DCC to examine the Phillips curves in these countries.
METHODOLOGY
We follow the study of Hamilton (2008) by modeling the series presented herein as a GARCH process. Further, we apply Engle's (2002) DCC techniques to describe the time-varying correlations between the inflation rate and the unemployment rate.
Let y t = y 1 , y 2t be a 2 1 vector that contains the data series on the inflation rate and the unemployment rate. The VAR (vector autoregression) can be expressed as follows: 
where E t 1 is the conditional information operator based on the information at time t-1.
We apply DCC to illustrate the dynamic relationship between the inflation rate and the unemployment rate. Specifically, based on the conditional volatilities from Equation 2, we calculate the conditional correlations from the conditional covariance matrix as
where the diagonal matrix D t represents the conditional volatilities from Equation 2.
Engle (2002) considers a dynamic matrix process
where Q represents the unconditional correlation matrices of z t .Then, the conditional correlation matrix R t is derived as
where the diagonal matrix Q t * = q ii,t contains the square roots of the diagonal elements of Q t .
In particular, the bivariate DCC can be specified as
where z i,t 1 is the time-varying vector of standardized
and the restriction condition is
DATA
To analyze the Phillips curve of price and unemployment, we employ the monthly consumer price index (CPI) and unemployment rate in Canada and the United States from January 1985 to December 2012. The inflation rate is computed as 1200 times the log monthly change in the CPI. All seasonally adjusted data series are derived from DataStream. The descriptive statistics are reported in Table 1 . Based on augmented Dickey-Fuller (ADF) tests, the inflation rate is found to be stationary, while the unemployment rate contains a unit root. However, since Perron's (1989) analyses show that structural breaks can lead to erroneously accepting unit roots, we also implement the Zivot and Andrews (1992) Figures 1 and 2. 
EMPIRICAL RESULTS
The results are shown in Table 2 . Most of the estimates in the variance equation are statistically significant at the 10% level, and they satisfy the restrictions of > 0, > 0, > 0, + < 1, which confirms that GARCH-type models are appropriate. The coefficients in the DCC model are also estimated to be statistically significant at the 10% level, and these also satisfy the restrictions of a 2 +b 2 <1. The Ljung-Box Q statistics also suggest that the empirical results of the models have been adequately estimated. (20) ) are the Ljung-Box Q statistics for the null hypothesis that there is no autocorrelation up to orders 12, 16, and 20 for standardized residuals (standardized squared residuals), respectively. *, **, and *** represent significance at the 10%, 5%, and 1% levels, respectively. 1986 1988 1990 1992 1994 1996 1998 the inflation rate and the unemployment rate is observed in the United States from 1995 to 1999 due to the IT bubble, and the same phenomenon is detected in Canada from 1985 to 1989 due to the Toronto bubble.
United States
Consistent with the findings of Sachsida et al. (2011) and Cevik and Dibooglu (2013) , the Phillips curves estimated in this study proved to be rather unstable in the long run for the economies of both Canada and the United States. In contrast to the findings of previous studies, however, we show that a negative inflation-unemployment relationship does not exist during economic booms. Moreover, monetary policy, perhaps by stimulating inflation, seems to be more effective at reducing unemployment during recession periods.
CONCLUSION
By applying the GARCH-DCC model, we reexamined the Phillips curves of price and unemployment for the United States and Canada from January 1985 to December 2012. Compared with previous studies, the empirical results found a negative correlation during periods of contraction and recession but a positive correlation during periods of relatively rapid economic growth. For example, the IT bubble in the United States from 1995 to 1999 and Toronto bubble in Canada from 1985 to 1989 exhibited positive correlations between the inflation rate and the unemployment rate.
Our results have at least two implications for policymakers. First, monetary policy may have more important and long-lasting effects on unemployment during a recession period compared with during a tranquil period.
Second, since keeping the unemployment rate at a reasonable level is the priority of monetary authorities, the tradeoff between inflation and unemployment must be evaluated before implementing any policy, especially when the economy is booming.
